We describe a new method of complete analysis for lecithin, lysolecithin, and sphingomyelin in amniotic fluid. The analysis is based on alkaline hydrolysis of the lecithins and the enzymic hydrolysis of sphingomyelin.
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Since Gluck et al. (1) introduced the lecithin/sphingomyelin (L/S) ratio for assessing fetal status in 1971, this technique has undergone many variations. Improvements in the chromatographic separation of lecithin and sphingomyelin as well as in detection of these phospholipids have been reported (2) (3) (4) .
In addition, precipitation of surface-active phospholipids with cold acetone, originally considered to be crucial, is now regarded as nonessential by many investigators (3, (5) (6) (7) . Nevertheless, chromatographic determination of the L/S ratio is still subject to numerous technical pitfalls, especially in quantitation of the chromatographed phospholipids. Most often they are detected by charring the chromatogram under acid conditions at high temperature or by staining with a lipophilic dye. Unfortunately, completeness of charring or of color development is difficult to assess. Transmission densitometry, used to determine the relative proportions of lecithin and sphingomyelin, does not always provide a comparison consistent with the actual concentrations of these phospholipids. Finally, other substances may co-chromatograph with lecithin or sphingomyelin.
Here, we describe an analysis for lecithin and sphingomyelin, which eliminates the chromatographic separation, development, and quantitation of these lipids. As a result,
Materials and Methods

Instrumentation
Spectrophotometric measurements were made with a Coleman Junior II Spectrophotometer (Coleman Instruments Inc., Maywood, IL 60153).
Beta radiation from phosphorus-32 was quantitated with a Model LS-100 Liquid Scintillation Counter (Beckman Instruments Inc., Fullerton, CA 92634).
Reagents
Enzymes:
Alkaline phosphatase (orthophosphoric mo- 
Phospholipids:
The following phospholipids were all purchased from Sigma Chemical Co.: dipalmitoyl phosphatidylcholine (synthetic), palmitoyl lysophosphatidylcholine (synthetic), sphingomyelin (from bovine brain), phosphatidylinositol (from soybean), phosphatidyl-L-serine (from bovine brain), dipalmitoyl phosphatidic acid (synthetic), phosphatidyl-DL-glycerol (from egg-yolk lecithin), diphosphatidylglycerol (from bovine heart), and dipalmitoyl phosphatidylethanolamine (synthetic).
Chemicals
Anion-exchange resin AG1-X8 (200-400 mesh; C1 form), 
Bio-Rad
Procedures
Reagent A contains 3.3 g of KOH and 0.5 mL of Triton X-100, diluted to 100 mL with water.
Reagent
B contains 100 mg of sodium barbital, 100 mg of magnesium chloride, and 0.25 mL of Triton X-100, diluted to 50 mL with water. The pH is adjusted to 8.5 with 100 mmol/L HCI.
C contains 1.2 g of tris(hydroxymethyl)aminolinase (100 kU/L) and alkaline phosphatase (100 kU/L), and incubate at 37 #{176}C for 1 h. Having enzymically degraded sphingomyelin to choline, place the mixture in an air bath for 10 mm, cool to room temperature, and analyze for choline, Because ATP is used in the assay for choline (see below), heat inactivation of alkaline phosphatase is essential to prevent its degradation.
Analysis for choline-containing phospholipids ( Figure 1 ). Lecithin, lysolecithmn, and sphingomyelin are the only phospholipids in amniotic fluid that contain a choline moiety.
Because sphingomyelin is not degraded by alkali (8) ,choline generated by alkaline hydrolysis is derived only from lecithin and lysolecithin. methane and 1.7 g of sodium chloride, diluted to 1 L with water. The pH is adjusted to 8.5.
Preparation of anion-exchange
columns. These disposable columns are made from 16 mm X 10 cm serum separators (Scientific Products, McGaw Park, IL 60085), with the filters replaced with 20-gauge X 4-cm hypodermic needles. A small wad of glass wool is inserted into the hub of each needle. These columns will contain 1.2-mL of the resin and are conditioned by eluting with 5.0 mL of reagent C before use.
Sample preparation.
Specimens of amniotic fluid are stored at -20 #{176}C. Before analysis, each sample is centrifuged at 500 X g for 5 mm and filtered through a serum separator. The procedure: To 1 mL of amniotic fluid add 1 mL of methanol, vortex-mix for 30s, add 2 mL of chloroform, and mix for 60s. Separate the phases by centrifuging (500 X g, 10 mm). Remove the chloroform layer and wash the methanol/water phase with an additional 2 mL of chloroform. Combine the two chloroform extracts and evaporate under nitrogen in a water bath set at 60 #{176}C.
Phospholipid standards.
Prepare the 5.000 mmolfL lecithin standard by dissolving 367 mg of dipalmitoyl phosphatidylcholine in 10 mL of chloroform and diluting to 100 mL. Prepare the 0.400 mmol/L sphingomyelin standard by dissolving 29 mg of sphingomyelin in 10 mL of chloroform and diluting to 100 mL. Prepare a combined lecithin and sphingomyelin standard by mixing equal volumes of the above lecithin and sphingomyelin standards. Aliquots of these stock phospholipid standards are evaporated to dryness to yield a set of working standards containing 25-200 nmol of lecithin, 2-16 nmol of sphingomyelin, or both. Stock standards are stored at room temperature.
Working standards are prepared just prior to use. 
Phosphorylcholine standard.
Dissolve 33 mg of phosphorylcholine chloride in 10 mL of water and dilute to 100 mL. Aliquots of this stock phosphorylcholine standard are evaporated to dryness to yield a set of working standards containing from 1-10 nmol of phosphorylcholine.
The stock standard is stored at 4 #{176}C. Working standards are prepared just prior to use.
Reference L/S methodology.
We measured L/S ratios by the "Fetal Maturity Test Procedure" (Helena Laboratories, Beaumont, TX 77704). and that the standard curve was linear from 1 to 10 nmol of choline. In our modified method, assay time is shortened from 3 h (9) to 50 mm.
Results and Discussion
The radioassay for lecithin is made possible by its alkaline lability.
The extent of hydrolysis depends on both the temperature and the concentration of base. In 500 mmol/L KOH at 100#{176}C, 200 nmol of lecithin was maximally hydrolyzed to choline in 20 mm. We checked the stability of choline during alkaline hydrolysis in a separate experiment and found it to be stable for 60 mm in 500 mmol/L KOH at 100 #{176}C.
To prove that lecithin was quantitatively degraded to choline, we subjected lecithin standards to alkaline hydrolysis and assayed for choline. The choline formed was stoichiometrically equivalent to the amount of lecithin added over a range of 1 to 10 nmol. This is also true for lysolecithin. None of the other phospholipids present in amniotic fluid were detected under these conditions, thus confirming the specificity of the assay (Table 1) .
To investigate whether free choline in amniotic fluid interferes with the analysis for lecithin and lysolecithin, we assayed lipid extracts from 28 specimens of amniotic fluid for total lecithin, with no KOH present. We detected no choline under these conditions. Because free choline does not interfere with the measurement of lecithin and lysolecithin, an alkalifree blank was omitted from the test procedure for total leci- and choline as well as between phosphorylcholine and choline was observed over a range of 1-10 nmol. Finally, we tested phospholipids known to be present in amniotic fluid for cross reactivity (Table 1) . Only sphingomyelin was detected, confirming the specificity of the procedure.
Recovery Studies
To study the effect of sphingomyelin on the recovery of lecithin, we assayed known amounts of lecithin in the presence and absence of sphingomyelin.
The results ( These same studies were also done on amniotic fluid, with identical results. Finally, these data show that the total L/S ratio is accurate over a wide range.
Precision Studies
Multiple analyses of six amniotic fluid pools were done to determine the precision of the assays for lecithin, sphingomyelin, and total phospholipid phosphorus. Table 3 gives the results.
Chromatographic L/S Ratio vs Total L/S Ratio
We compared the chromatographically determined L/S ratio with our "total lecithin" (lecithin plus lysolecithin) to sphingomyelin ratio, analyzing 52 specimens of amniotic fluid. Although the (L + Ly)/S ratio correlated well with the L/S ratio (r = 0.809), the standard error of the mean was large = 4.486). This might be ascribed to the fact that the (L + Ly)/S ratio is not identical to the L/S ratio. However, lysolecithin is only a minor fraction of the total lecithin pool (19) . Therefore, other factors may be responsible for the extensive scatter about the regression line. For example, if other components co-chromatographed with lecithin and (or) sphingomyelin, the US ratio would not be accurate. In spite of this, (L + Ly)/S ratios for samples with L/S ratios <1.0 and >1.9
were well separated ( Figure 2A ). All samples with "immature" L/S ratios (i.e., less than 1.0) had (L + Ly)/S ratios of less than 2.0, whereas most samples with mature L/S ratios of 2.0 or greater had (L + Ly)/S ratios exceeding 4.0. Hence, a (L + Ly)/S ratio of <2.0 is suggestive of fetal lung immaturity while a (L + Ly)/S ratio >4.0 reflects fetal lung maturity. Most specimens with equivocal L/S ratios (i.e., 1.0 to 1.9) also had transitional (L + Ly)/S ratios (2.0-4.0).
Chromatographic L/S Ratio vs Total-Lecithin Concentration
Total-lecithin concentrations were also compared with their corresponding U/S ratios. These data ( Figure 2B ) suggest that total lecithin concentration is a better indicator of fetal lung maturity than the (L + Ly)/S ratio. Values for total-lecithin for samples with L/S ratios <1.0 and >1,9 were well separated. All samples with L/S ratios <1.0 had total-lecithin concentrations of <25 mmolfL. Most samples with L/S ratios >1.9 had total-lecithin values >25 mmol/L. Although there was some overlap, samples with equivocal L/S ratios were better delineated with total-lecithin concentration than with the (L + Ly)/S ratio.
Chromatographic L/S Ratio vs Total Phospholipid Concentration
We evaluated the relation between total phospholipid phosphorus concentration and fetal lung maturity by comparison with the L/S ratio ( Figure 2C) . Most values for total phospholipid for specimens with immature L/S ratios over- the relation between percentage total lecithin and the (U + Uy)/S ratio ( Figure 4 ) and, as expected, found that the proportion of lecithin in the total phospholipid pool paralleled fetal lung maturity.
After a relatively sharp increase the percentage of total lecithin leveled off in spite of an increasing (U + Uy)/S ratio. The fact that the percentage total lecithin increased abruptly just before and leveled off immediately after the transitional zone defined by the (U + Uy)/S ratio (i.e., 2.0-4.0) suggests that percent total lecithin may be an accurate measure of fetal lung maturity. A comparison of percentage total lecithin and the U/S ratio further established the merit of this index ( Figure 2D ). Values for percentage total lecithin for specimens of amniotic fluid having U/S ratios <1.0 and >1,9 were well separated.
Samples with U/S ratios <1.0 had percentage total-lecithin values of less than 45. In contrast, a percentage total-lecithin value exceeding 55 was characteristic of all samples having U/S ratios 2.0.
Furthermore, all but one of those amniotic fluids with equivocal U/S ratios were clearly separated into mature or immature categories on the basis of percentage total lecithin.
In summary, our investigation has provided three new approaches to the assessment of fetal lung maturity: the total lecithin to sphingomyelin ratio, total lecithin concentration, and percentage total lecithin. Of these, the last may be the most desirable.
Changes in in situ amniotic fluid volume can cause variation in total lecithin concentration and adversely affect its prognostic reliability. The (U + Ly)/S ratio would appear to compensate for volume-dependent changes in lecithin concentration because lecithin concentrations increase and sphingomyelin concentrations decrease late in gestation. However, the (U + Ly)/S ratio might increase owing to a decrease in sphingomyelin component.
As with the (U + Uy)/S ratio, percentage total lecithin is independent of changes in amniotic fluid volume. Despite these potential advantages, a final judgment on percentage total lecithin as a predictor of fetal lung maturity must be reserved until it is evaluated clinically.
